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(57) A recordable optical disc (1 00) is provided with 
a disc substrate (110); a record track (102) formed on 
the disc substrate spirally or coaxially around a center 



of the disc substrate; and an emboss pit formed in a pre- 
determined zone on the disc substrate in correlation with 
predetermined data, which is recorded on the record 
track in the predetermined zone. 
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Description 

[0001] The present invention relates to a recordable 
optical disc and a method of recording data on the re- 
cordable optical disc, which can improve a protection of 
the recorded data. 

[0002] There are various types of optical discs be- 
cause of the diversification of formats of the CDs (Com- 
pact Discs) and the introduction of the DVD. 
[0003] According to the formats of the CDs, there are 
a read only type CD-ROM (CD- Read Only) on which da- 
ta can be read many times but cannot be written, a write 
once type CD-R (CD-Recordable) on which data can be 
read many times and can be written only once, and a 
CD-RW (CD Rewritable) on which data can be read 
many times and can be written many times. According 
to the formats of the DVDs, there are a read only type 
DVD-ROM (DVD Read Only) on which data can be read 
many times but cannot be written, a write once type 
DVD-R (DVD- Recordable) on which data can be read 
many times and can be written only once, a re-record- 
able type DVD-RW (DVD Re- recordable) on which data 
can be read many times and can be written for limited 
times, and a rewritable type DVD-RAM (DVD Rewrita- 
ble) on which data can be read many times and can be 
written many times. 

[0004] By the way, in a control data zone of the DVD- 
ROM, information important only for the DVD-ROM is 
written. In a zone, whose position is the same as this 
control data zone, of the DVD-RW, an unreadable env 
boss is formed or buried to thereby disable both of read- 
ing and writing in this zone, in order to prevent the fal- 
sification or manipulation of the data. Therefore, the 
control data is written on the DVD-RW, in a zone differ- 
ent from that of the DVD-ROM. 

[0005] However, if such a probability is considered 
that important information, which is common for the 
DVD-ROM and the DVD-RW and is not desired to be 
falsified or manipulated, is commonly written on the 
DVD-ROM and the DVD-RW, it will be required or con- 
venient to record such important information in the same 
zones on those discs. 

[0006] It is therefore an object of the present invention 
to provide a recordable optical disc and a method of re- 
cording data on the recordable optical disc, which can 
prevent the data recorded in a predetermined zone on 
the recordable optical disc from being falsified. 
[0007] The above object of the present invention can 
be achieved by a recordable optical disc provided with: 
a disc substrate; a record track formed on the disc sub- 
strate spirally or coaxially around a center of the disc 
substrate; and an emboss pit formed in a predetermined 
zone on the disc substrate in correlation with predeter- 
mined data, which is recorded on the record track in the 
predetermined zone. 

[0008] According to the recordable optical disc of the 
present invention, since the data pattern of the prede- 
termined data is known in advance, the emboss pit is 



formed in the predetermined zone in correlation with the 
predetermined data to be recorded in the predetermined 
zone. Then, the predetermined data is recorded in the 
predetermined zone where the emboss pit is formed- 
^ On one hand, although there exists the emboss pit in 
the predetermined zone, it is possible to normally write 
and read the predetermined data since the predeter- 
mined data is in correlation with the emboss pit. On the 
other hand, data other than the predetermined data can- 
not be normally written onto or read from the predeter- 
mined zone since such data other than the predeter- 
mined data are not in correlation with the emboss pit. 
Namely, even if it is attempted to falsify the predeter- 
mined data, a record mark and a record space of such 
data other than the predetermined data are probably in- 
fluenced by the existence of the emboss pit, which most 
likely appears at the boundary between the record mark 
and the record space and which significantly drifts the 
signal level in the middle of the record mark and/or the 
record space. 

[0009] In this manner, by forming the emboss pit, 
which is in correlation with the predetermined data : in 
the predetermined zone in advance, the reflection coef- 
ficient is intentionally decreased by the existence of the 
emboss pit. Therefore, the operation of falsifying the 
predetermined data is most likely failed due to the de- 
crease of the reflection coefficient, while the predeter- 
mined data can be normally written and read against the 
decrease of the reflection coefficient. 
[0010] In one aspect of the recordable optical disc of 
the present invention, the emboss pit is formed such that 
the emboss pit does not exist at a boundary between a 
record mark and a record space of the predetermined 
data. 

[0011] According to this aspect, the emboss pit does 
not exist at the boundary between the record mark and 
the record space of the predetermined data. Namely, the 
length of the emboss pit along the record track is shorter 
than the length of the record mark or record space along 
the record track. Thus, the predetermined data can be 
normally written onto and read from the predetermined 
zone against the decrease of the reflection coefficient 
caused by the emboss pit. 

[001 2] In another aspect of the recordable optical disc 
of the present invention, the emboss pit is formed at a 
position where a length of a record mark of the prede- 
termined data along the record track is equal to or longer 
than a predetermined length. 

[0013] According to this aspect, since the emboss pit 
is formed at a position where the length of the record 
mark is equal to or longer than a predetermined length 
(e.g., 8T, 4Torthe like, wherein T denotes a base clock 
cycle), it is possible to surely prevent the predetermined 
data from being falsified, by forming the emboss pit hav- 
ing a certain length (e.g., 4T, 2T or the like) which is 
shorter than that of the record mark but is longer than 
the base clock cycle. 

[0014] In this aspect, a length of the emboss pit may 
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be constant regardless of the length of the record mark. 
[001 5] By constructing in this manner, it is possible to 
easily form the emboss pit. 

[0016] Alternatively in this aspect, a length of the em- 
boss pit may be variable depending upon the length of 
the record mark. 

[0017] By constructing in this manner, it is possible to 
keep a certain margin of the emboss pit with respect to 
the edges of the record mark, the length of which is var- 
iable. Namely, the emboss pit is made long if the record 
mark is long, while the emboss pit is made short if the 
record mark is short, so that an appropriate margin of 
the emboss pit is kept. 

[0018] In another aspect of the recordable optical disc 
of the present invention, the emboss pit is formed at a 
position where a length of a record space of the prede- 
termined data along the record track is equal to or longer 
than a predetermined length. 

[0019] According to this aspect, since the emboss pit 
is formed at a position where the length of the record 
space is equal to or longer than a predetermined length 
(e.g., 8T, 4T or the like), it is possible to surely prevent 
the predetermined data from being falsified, by forming 
the emboss pit having a certain length (e.g., 4T, 2T or 
the like) which is shorter than that of the record space 
but is longer than the base clock cycle. 
[0020] In this aspect, a length of the emboss pit may 
be constant regardless of the length of the record space. 
[0021] By constructing in this manner, it is possible to 
easily form the emboss pit. 

[0022] Alternatively in this aspect, a length of the em- 
boss pit may be variable depending upon the length of 
the record space. 

[0023] By constructing in this manner, it is possible to 
keep a certain margin of the emboss pit with respect to 
the edges of the record space, the length of which is 
variable. Namely, the emboss pit is made long if the 
record space is long, while the emboss pit is made short 
if the record space is short, so that an appropriate mar- 
gin of the emboss pit is kept. 

[0024] In another aspect of the recordable optical disc 
of the present invention, a plurality of emboss pits each 
having a structure same as the emboss pit are formed 
in the predetermined zone. 

[0025] According to this aspect, since a plurality of 
emboss pits are formed in the predetermined zone, it is 
possible to more reliably prevent the predetermined da- 
ta from being falsified. 

[0026] In this aspect, a first emboss pit of the emboss 
pits may be formed at a position where a length of a 
record mark of the predetermined data along the record 
track is equal to or longer than a predetermined length 
and a second emboss pit of the emboss pits may be 
formed at a position where a length of a record space 
of the predetermined data along the record track is equal 
to or longer than the predetermined length 
[0027] By constructing in this manner, since the first 
emboss pit is formed at a position where the length of 



the record mark is equal to or longer than a predeter- 
mined length (e.g., 8T, 4T or the like) and since the sec- 
ond emboss pit is formed at a position where the length 
of the record space is equal to or longer than a prede- 

5 termined length (e.g., 8T, 4T or the like), it is possible to 
surely prevent the predetermined data from being falsi- 
fied, by forming the emboss pit having a certain length 
(e.g. , 4T, 2T or the like) which is shorter than that of the 
record mark or space but is longer than the base clock 

10 cycle. 

[0028] Further in such a structure, a length of the first 
emboss pit along the record track may be variable de- 
pending upon the length of the record mark and a length 
of the second emboss pit along the record track may be 

15 variable depending upon the length of the record space. 
[0029] By constructing in this manner, it is possible to 
keep certain margins of the first and second emboss pits 
with respect to the edges of the record mark and space 
respectively. Namely, the first emboss pit is made long 

20 jf the record mark is long, while the first emboss pit is 
made short if the record mark is short, so that an appro- 
priate margin of the first emboss pit is kept. On the other 
hand, the second emboss pit is made long if the record 
space is long, while the second emboss pit is made short 

25 jf the record space is short, so that an appropriate mar- 
gin of the second emboss pit is kept. 
[0030] In the aspect in which a plurality of emboss pits 
are formed in the predetermined zone, a length of each 
of the emboss pits along the record track may be con- 

30 stant. 

[0031] By constructing in this manner, it is possible to 
easily form the emboss pits. 

[0032] In another aspect of the recordable optical disc 
of the present invention, the predetermined zone is in a 

35 control data zone, and the predetermined data is control 
data to control a recording and/or reproducing operation 
of data recorded on the record track in a data record 
zone, which is different from the predetermined zone 
and where the emboss pit is not formed. 

40 [0033] According to this aspect, the control data re- 
corded in the control data zone can be prevented from 
being falsified. The data such as video data, audio data 
or the like, in the data record zone can be recorded and/ 
or reproduced in accordance with the control data. 

45 [0034] In this aspect, the control data zone may be 
within a lead in area. 

[0035] By constructing in this manner, the control data 
in the control data zone in the lead in area can be pre- 
vented from being falsified. 

so [0036] In another aspect of the recordable optical disc 
of the present invention, data other than the predeter- 
mined data is recorded on the record track in a data 
record zone, which is different from the predetermined 
zone and where the emboss pit is not formed. 

55 [0037] According to this aspect, it is possible to nor- 
mally record and reproduce the data in the data record 
zone, where the emboss pit is not formed. 
[0038] In another aspect of the recordable optical disc 
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of the present invention, the recordable optical disc is 
further provided with a record layer, which is formed on 
the disc substrate and by which data including the pre- 
determined data is recorded on the record track. 
[0039] According to this aspect, the data including the 
predetermined data such as control data etc., as well as 
video data, audio data etc., can be surely recorded on 
the record track by virtue of the record layer. 
[0040] In this aspect, the record layer may comprise 
a material capable of a recording operation of write 
many times type. 

[0041] By constructing in this manner, a write many 
type optical disc such as a DVD-RAM or the like can be 
realized. 

[0042] Alternatively in this aspect, the record layer 
may comprise a material capable of a recording opera- 
tion of write once type. 

[0043] By constructing in this manner, a write once 
type optical disc such as a DVD-R or the like can be 
realized. 

[0044] Further alternatively in this aspect, the record 

layer may comprise a material capable of a recording 

operation of write limited times type. 

[0045] By constructing in this manner, a write many 

type optical disc such as a DVD-RW or the like can be 

realized. 

[0046] In another aspect of the recordable optical disc 
of the present invention, the recordable optical disc is 
further provided with a reflective layer formed on the disc 
substrate for reflecting a light beam for a recording and/ 
or reproducing operation of data recorded on the record 
track. 

[0047] According to this aspect, the data including the 
predetermined data such as control data etc., as well as 
video data, audio data etc., can be surely recorded and/ 
or reproduced on the record track by virtue of the reflec- 
tive layer, which reflects a laser beam for a recording 
and/or reproducing operation. 

[0048] The above object of the present invention can 
be also achieved by a method of recording data on the 
above described recordable optical disc of the present 
invention (including its various aspects). The method is 
provided with: a process of forming the emboss pit on 
the disc substrate; and a process of recording the pre- 
determined data in the predetermined zone. 
[0049] According to the method of the present inven- 
tion, the emboss pit is formed in advance in the prede- 
termined zone in correlation with the predetermined da- 
ta to be recorded in the predetermined zone. Then, the 
predetermined data is recorded in the predetermined 
zone where the emboss pit is formed. Therefore, the op- 
eration of falsifying the predetermined data is most likely 
failed due to the decrease of the reflection coefficient 
caused by the emboss pit, while the predetermined data 
can be normally written and read against the decrease 
of the reflection coefficient caused by the emboss pit. 
[0050] In one aspect of the method of the present in- 
vention, the method is further provided with a process 



of recording data other than the predetermined data in 
a data record zone, which is different from the predeter- 
mined zone and where the emboss pit is not formed. 
[0051] According to this aspect, after the predeter- 

5 mined data is recorded in the predetermined zone such 
as a control zone in a lead in area, the data such as 
video data, audio data or the like other than the prede- 
termined data is recorded in the data record zone, by a 
user at home for example. Accordingly, the data in the 

10 data record zone can be recorded and/or reproduced in 
accordance with the predetermined data in the prede- 
termined zone, which is not falsified. 
[0052] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 

15 ing detailed description with respect to preferred em- 
bodiments of the invention when read in conjunction 
with the accompanying drawings briefly described be- 
low. 

20 FIG. 1A is a perspective view of the DVD used in 
embodiments of the present invention; 
FIG. 1 B is a magnified partial perspective view of a 
transparent substrate of the DVD in FIG. 1A at a 
portion including record tracks; 
25 FIG. 1 C is a partial sectional view of the DVD in FIG. 
1 A at a portion including the record tracks; 
FIG. 1 D is a diagram schematically showing a data 
structure of the DVD used in the embodiments; 
FIG. 2 is a diagram showing a detailed structure of 
30 a lead in area shown in FIG. 1 D; 

FIG. 3A is a diagram showing a basic principle of a 
recording method of the embodiments; 
FIG 3B is a magnified partial perspective view of the 
DVD showing the basic principle of the recording 
35 method of the embodiments; 

FIG. 4 is a timing chart in one operational example 
of the recording method in a first embodiment; 
FIG. 5 is a timing chart in another operational ex- 
ample when falsified data is written in the example 
40 of FIG. 4; 

FIG. 6 is a timing chart in one operational example 
of the recording method in a second embodiment; 
FIG. 7 is a timing chart in another operational ex- 
ample when falsified data is written in the example 
45 of FIG. 6; and 

FIG. 8 is a process chart showing a method of re- 
cording data on the DVD of the embodiment. 

[0053] Referring to the accompanying drawings, em- 
50 bodiments of the present invention will be now ex- 
plained. 

[0054] In FIG. 1A, a DVD 100 is provided with a trans- 
parent substrate 110 having a center hole 103 and 
record tracks 102 spiral or coaxial around the center 
55 hole 103. From the inner circumferential side toward the 
outer circumferential side on the DVD 100, there are 
formed: a clamping area CA which is clamped by a clam- 
per when the DVD 1 00 is set to an information recording 
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and/or reproducing apparatus; a record information ar- 
ea RIA; and an information area IA. In the information 
area IA, there are formed a lead in area LIA, a data re- 
cordable area DRA and a lead out area LOA in this order 
from the inner circumferential side. The record tracks 
102 are formed in the record information area RIA as 
well as the information area IA. 

[0055] As shown in FIG. 1 B, the record tracks 1 02 
consists of (i) a land track L comprising a land, which is 
convex on the transparent substrate 110 and is concave 
with respect to a laser beam LB for a reading operation 
and/or a writing operation, and (ii) a groove track G com- 
prising a groove, which is concave on the transparent 
substrate 110 and is convex with respect to the laser 
beam LB. On the land track L, a land pre-pit LPP is 
formed. The groove track G are wobbled at a predeter- 
mined frequency. The land pre-pit LPP and the wobble 
of the groove track G are used to define the physical 
address on the record track 102. 

[0056] On the basis of the information indicated by the 
land pre-pit LPP and the wobble of the groove track G, 
a position of an optical pickup in the information record- 
ing and/or reproducing apparatus is controlled with re- 
spect to the wobble, so that the operation of recording 
record data onto the groove track G (i.e., a data writing 
operation) and the operation of reproducing the record 
data from the groove track G (i.e., a data reading oper- 
ation) are performed. The record data and/or the control 
data to control the recording and/or reproducing the 
record data may be recorded on the land track L in place 
of or in addition to the groove track G. 
[0057] As shown in FIG. 1C, on the transparent sub- 
strate 1 1 0, a record layer 1 1 1 , a light reflective layer 112 
and a protection layer 1 1 3 are laminated. The record lay- 
er 1 1 1 may comprise a dye e.g., a material whose optical 
property is changed when a writing laser beam which is 
stronger than a reading laser beam is irradiated, in case 
of the DVD-R. Alternatively, the record layer 111 may 
comprise a phase-change material e.g., a material 
whose phase is changed between a crystalloid phase 
and an amorphous phase depending upon the irradia- 
tion condition of the laser beam, in case of the 
DVD-RAM. 

[0058] FIG 1 D schematically shows a data structure 
of the DVD 100. 

[0059] In FIG. 1D f the record information area RIA 
comprises a power calibration area PCA and a record- 
ing management area RMA. The information area IA 
comprises the lead in area LIA, the data recordable area 
DRA and the lead out area LOA. 

[0060] In the data recordable area DRA, (i) various 
content data (which is referred to as "main data" here- 
inafter) such as audio data, video data and the like, and 
(ii) file management information to manage each main 
data as a file are recorded. 

[0061 ] The power calibration area PCA is prepared in 
order to adjust the light amount of the optical pickup etc. , 
to thereby perform the data writing operation in an ap- 



propriate operation status, by performing the trial data 
writing operation etc., when performing the data writing 
operation in the information recording and reproducing 
apparatus. 

5 [0062] In the recording management area RMA, the 
test result data as for the power calibration area PCA is 
recorded. 

[0063] In the lead in area LIA, the record management 
data indicative of the physical information of the disc is 
10 recorded. 

[0064] The lead out area LOA is formed at an end po- 
sition of the main data recorded in the data recordable 
area DRA. In the lead out area LOA, the data of (00)h 
is recorded. The start position of recording the lead out 
area LOA is changed depending upon the data amount 
of the main data. 

[0065] The areal addresses of those areas PCA, RIA, 
LIA, DRA and LOA and the record addresses of the data 
are set in accordance with the ECC block address re- 
corded in the land pre-pit LPP. 

[0066] FIG. 2 shows the details of the lead in area LIA 
and the lead out area LOA. 

[0067] In FIG. 2, an initial zone is formed at a start 
position of the lead in area LIA. The data of (00)h indic- 
ative of a blank is set to this initial zone. Following this 
initial zone, a reference code zone is formed. The chan- 
nel bit pattern (3T - 6T - 7T) is recorded in this reference 
code zone. Code words are repeatedly recorded which 
are in the conversion table set in advance as the channel 
bit pattern. On the basis of this channel bit pattern, the 
equalizer for the HF signal is adjusted. Following this 
reference code zone, a buffer zone of (00)h is formed. 
[0068] In a control data zone, a DVD format type of 
the pertinent DVD (e.g., the DVD-ROM, the DVD-RAM, 
the DVD-RW or the like), a part version, a disc size, a 
minimum reading out rate, adisc structure (e.g., one lay- 
er ROM disc, one layer RAM disc, two layers ROM/RAM 
disc or the like), a recording density, a data area alloca- 
tion, a burst cutting area presence or absence, a start 
sector of the border zone and so forth are recorded. 
[0069] One portion of this control data zone is also 
assigned as a zone, where the information important on- 
ly for the DVD-ROM is recorded. Following to this control 
data zone, a buffer zone of (00)h is formed. 
[0070] FIG. 3A shows the basic principle of the optical 
disc recording method of the present invention. In FIG. 
3A : the groove track, the land track and the land pre-pit 
of the DVD-RW is schematically illustrated along a time 
axis at an upper portion of the figure while a timing chart 
of the record signal as well as the emboss pit is illustrat- 
ed at an lower portion of the figure in correspondence 
with the upper portion of the figure. 
[0071] As shown in FIG. 3A, in case of the DVD-RW, 
the land pre-pit method is employed as the track format. 
The record data is recorded by irradiating the laser 
beam onto the groove track. The ECC block address is 
recorded in advance by forming the land pre-pit on the 
land track. 
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[0072] In FIG. 3A, the land pre-pit is indicated by each 
black rectangular portion on the land track, while the 
groove track is indicated by each hatched area. The 
record signal and the emboss pit with regard to a small 
zone A on the groove track are magnified and illustrated s 
as the timing chart at the lower portion of FIG. 3A. 
[0073] As shown in FIG. 3B, in the DVD 1 00 (e.g., the 
DVD-RW) of the present embodiment, the emboss pits 
are formed as intermittent groove tracks separated by 
portions of the transparent substrate at an approximate- 
ly same level as the land track L, in the control data zone. 
Namely, in the control data zone of the DVD 100, the 
emboss pit is convex on the groove track with respect 
to the light beam LB. Thus, the reflection coefficient of 
the groove track G is decreased at the emboss pit In 
FIG. 3B, the proper record mark (which is originally and 
properly recorded) is recorded in synchronization with 
the emboss pit so that the detection of this proper record 
mark is not practically influenced by the emboss pit. In 
contrast, the detection of the falsified record mark 
(which is falsified and is not in synchronization with the 
emboss pit) is certainly influenced by the emboss pit, as 
described later in detail with referring to FIG. 4 to FIG. 
7. Incidentally in FIG. 3B, the wobble of the groove track 
G is omitted for the sake of simplicity, and a light spot 
S P whose diameter is larger than the width of the groove 
track G is formed of the light beam LB. 
[0074] In the present embodiment, since the data pat- 
tern for the data important only for the DVD-ROM, which 
is not desired to be falsified, is determined in advance, 
the emboss pit is formed (buried) in synchronization with 
this important data. Therefore, although the reflection 
coefficient is decreased due to the existence of the em- 
boss pit when the laser beam is irradiated in case of the 
DVD-RW, the important data which is recorded in syn- 
chronization with the emboss pit is not influenced when 
it is read out. The important data can be written in such 
a manner that it can be normally read out, since it is in 
synchronization with the emboss pit. In contrast, if it is 
attempted to falsify the important data, since the falsified 
pattern is not in synchronization with the emboss pit any 
more, the data cannot be normally read out. Namely, the 
important data cannot be falsified in such a manner that 
it can be normally read out since it is not in synchroni- 
zation with the emboss pit. 

[0075] Further, by forming the emboss pit at a central 
portion of the record mark or record space whose length 
along the record track is to be relatively long, even if the 
start or end position of writing the data by the laser beam 
is slightly shifted, a harmful influence is hardly intro- 
duced. In the present embodiments, the emboss pit is 
formed at the central portion of the record mark and/or 
the record space where the record pulse width is equal 
to or wider than about 8T (wherein T denotes a basic 
clock cycle). As shown in the lower portion of FIG. 3A, 
the emboss pit is formed with respect to each of the 
record signals having the lengths of 8T, 13T and 14T. 
[0076] Further, if the emboss pit does not have a cer- 



tain length along the record track, a probability that the 
edge of the falsified data crosses over the emboss pit 
to thereby give a certain influence is decreased, result- 
ing in that the falsified data may be normally read out. 
Namely, the falsification is successful. Therefore, the 
emboss pit having a length of about 4T is formed with 
respect to each of the record signals each having the 
length equal to or longer than 8T in the present embod- 
iments. 

[0077] FIG. 4 shows the timing chart shown in FIG. 
3A ; in more detail, of the recording method in a first em- 
bodiment of the present invention. 
[0078] Namely, in FIG. 4, the signal waveforms of the 
record signal, the emboss pit, the RF signal and the bi- 
nary-coded signal in such a condition that the emboss 
pit is formed in both of the record mark having the length 
of 8T along the record track (hereinafter, it is simply re- 
ferred to as the W 8T mark") and the record space having 
the length of 8T along the record track (hereinafter, it is 
simply referred to as the "8T space") are shown. The 
emboss pit may be embossed on the transparent sub- 
strate 110 (refer to FIGs. 1 A to 1 C) in the manufacturing 
or cutting process of the DVD 100 when forming the 
groove track, the land track and the land pre-pit on the 
transparent substrate 1 10 or after forming those on the 
transparent substrate 110. Further, the emboss pit may 
be embossed on the groove track if the record signal is 
recorded on the groove track. Alternatively, the emboss 
pit may be embossed on the land track, if the record sig- 
nal is recorded on the land track, or may be embossed 
on the groove and land tracks if the record signal is re- 
corded on the groove and land tracks. 
[0079] In FIG. 4, the record signal and the emboss pit 
are correlated (in synchronization) with each other, 
since the record signal is not a falsified one but is a prop- 
er one. 

[0080] The 8T mark is recorded where the emboss pit 
having the length of 4T along the record track (herein- 
after, it is simply referred to as the M 4T emboss pit") is 
formed. However, since the reflection light at the 8T 
mark is decreased by the 8T mark as well as the 4T em- 
boss pit, the RF signal is level-downed redundantly by 
the 8T mark and the 4T emboss pit, below the threshold 
level, which is used to convert the RF signal to the bi- 
nary-coded signal and is indicated by a dotted line over- 
lapped on the RF signal. Thus, the binary-coded signal 
related to the 8T mark is not influenced by the existence 
of the 4T emboss pit here. 

[0081] In fact, in the example shown in FIG. 4, even 
if the emboss pit is not formed in synchronization with 
the record mark, the RF signal obtained at the record 
mark is decreased to the approximately lowest level due 
to the existence of the record mark itself. Thus, the RF 
signal at the 8T mark below the threshold level is not 
substantially influenced by the existence of the 4T em- 
boss pit in this example. However, the RF signal at the 
8T mark may be further level-downed if the RF signal at 
the record mark is not decreased to the lowest level. In 
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this case, the principle of the present embodiment is still 
valid since the further decrease of the RF signal at the 
8T mark dueJto the 4T emboss pit is only related to the 
decrease of the RF signal below the threshold level as 
long as the record mark is in synchronization with the 
emboss pit. Thus, in this case, the binary-coded signal 
related to the 8T mark is not influenced by the existence 
of the 4T emboss pit, either. 

[0082] The 8T space is recorded where another 4T 
emboss pit is formed. However, the decrease of the re- 
flection light amount at the 8T space due to the exist- 
ence of the 4T emboss pit is so small that the levei-down 
amount of the RF signal due to the 4T emboss pit is not 
enough to level-down the RF signal below the threshold 
level. Thus, the binary-coded signal related to the 8T 
space is not influenced by the existence of the 4T em- 
boss pit. 

[0083] FIG. 5 shows the signal waveforms of the 
record signal, the emboss pit, the RF signal and the bi- 
nary-coded signal in such a condition that the emboss 
pit is formed in the same manner as the case of FIG. 4 
while the record signal is falsified. 
[0084] In FIG. 5, the record signal and the emboss pit 
are not correlated (in synchronization) with each other 
any more, since the record signal is falsified. 
[0085] Since one edge of the 8T mark (which repre- 
sents the falsified record data) is located at one 4T em- 
boss pit and since another edge of the 8T mark is locat- 
ed at another 4T emboss pit, the reflection light at the 
8T mark is decreased at the vicinities of those edges by 
the existences of those 4T emboss pits. Thus, the level 
of the RF signal with respect to the threshold level is 
significantly influenced, by the existences of those 4T 
emboss pits, resulting in that the binary-coded signal is 
significantly drifted as indicated by drift amounts X and 
Y in FIG. 5 with respect to the 8T mark i.e., the falsified 
record signal. 

[0086] As clearly understood from FIG. 4 and FIG. 5, 
according to the first embodiment, even if the record sig- 
nal is falsified in the predetermined zone where the im- 
portant data is recorded and is not desired to be falsified, 
the falsified record data cannot be normally read. Name- 
ly, the falsification of the record data is ended in vain. In 
this way, the protection of the record data in a certain 
zone can be improved since the falsification can be 
hardly performed there. 

[0087] FIG. 6 shows the timing chart shown in FIG. 
3A, in more detail, of the recording method in a second 
embodiment of the present invention. 
[0088] Namely, in FIG. 6, the signal waveforms of the 
record signal, the emboss pit, the RF signal and the bi- 
nary-coded signal in such a condition that the 4T em- 
boss pit is formed in the 8T mark but is not formed in the 
record space are shown. 

[0089] In FIG. 6, the record signal and the emboss pit 
are correlated (in synchronization) with each other, 
since the record signal is not a falsified one but is a prop- 
er one. 



[0090] Although the 8T mark is recorded over the 4T 
emboss pit, since the reflection light at the 8T mark is 
decreased by the 8T mark as well as the 4T emboss pit, 
the RF signal is level-downed redundantly by the 8T 
s mark and the 4T emboss pit, below the threshold level. 
Thus, the binary-coded signal related to the 8T mark is 
not influenced by the existence of the 4T emboss pit 
here: 

[0091] On the other hand, the space is recorded 
10 where no emboss pit is formed. Thus; the' binary-coded 
signal related to the 8T space is not influenced by the 
existence of any emboss pit here. 
[0092] FIG. 7 shows the signal waveforms o f the 
record signal, the emboss pit, the RF signal and the bi- 
15 nary-coded signal in such a condition that the emboss 
pit is formed in the same manner as the case of FIG. 6 
while the record signal is falsified. 
[0093] In FIG. 7, the record signal and the emboss pit 
are not correlated (in synchronization) with each other 
any more, since the record signal is falsified. 
[0094] Since one edge of the 8T mark (which repre- 
sents the falsified record data) is located at the 4T em- 
boss pit, the reflection light at the 8T mark is decreased 
at the vicinity of this edge by the existence of this 4T 
emboss pit. Thus, the level of the RF signal with respect 
to the threshold level is significantly influenced by the 
existence of this 4T emboss pit. Especially, in the sec- 
ond embodiment, since the RF signal is level-downed 
by the existence of the 4T emboss pit below the thresh- 
old level, the binary-coded signal is quite significantly 
drifted as indicated by a drift amount Z in FIG. 7 with 
respect to the 8T mark i.e., the falsified record signal. 
[0095] In the second embodiment, since the emboss 
pit is not formed in the space, it is not necessary to set 
the depth of the emboss pit so that the level-downed RF 
signal due to the emboss pit at the space is above the 
threshold level as in the case of the first embodiment. 
Therefore, in the second embodiment, the depth of the 
emboss pit is preferably set deeper than that in the first 
embodiment, and is more preferably set deep enough 
to level-down the RF signal below the threshold level. 
By setting the depth in this manner, the emboss pit in 
synchronization with the 8T mark functions quite effec- 
tively to drift the binary-coded signal if the record signal 
is falsified. 

[0096] As clearly understood from FIG. 6 and FIG. 7, 
according to the second embodiment, even if the record 
signal is falsified in the predetermined zone where the 
important data is recorded and is not desired to be fal- 
sified, the falsified record data cannot be normally read 
Namely, the falsification of the record data is ended in 
vain. In this way, the protection of the record data in a 
certain zone can be improved since the falsification can 
be hardly performed there. 

[0097] Next, the method of recording the data on the 
DVD 100 is explained with reference to FIG. 8. 
[0098] As shown in FIG. 8, at first, a laser cutting proc- 
ess is performed. Namely, a photo-resist 46 is formed 
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on a glass substrate 45 and is exposed by a light beam 
so as to form a pattern of the photo-resist 46 corre- 
sponding to the groove track G, the land track L and the 
land pre-pit LPP as well as the emboss pit (step S1). 
Then, the exposed photo-resist 46 is developed, so that 
the pattern of the photo-resist 46 is formed on the glass 
substrate 45 (step S2). Then, a stamper 47 (i.e., a so- 
called stamper disc) is formed by using this pattern of 
the developed photo-resist 46 (step S3). Then, the DVD 
100 (e.g., the DVD-RW), which has the groove track G, 
the land track L and the land pre-pit LPP as well as the 
emboss pit, is replicated by using the stamper 47 (step 
S4). Then, a pre-write process is performed with respect 
to the DVD 100. Namely, the control data etc., are re- 
corded on the control data zone etc., by the irradiation 
of the laser beam LB (step S5). 

[0099] According to the present embodiment, in the 
production process of the DVD 100 at the steps S1 to 
S4, the predetermined data to be recorded at the pre- 
write process at the step S5 is known in advance. Thus, 
the emboss pit, which is in synchronization with the pre- 
determined data to be recorded at the pre-write process 
at the step S5, is formed in the production process at 
the steps S1 to S4. Then, in the pre-write process S5 i. 
e., the record process before shipment, the predeter- 
mined data is recorded in synchronization with the em- 
boss pit already formed at the production process at the 
steps S1 to S4. Therefore, after the pre-write process at 
the step S5 e.g., after the shipment or after the purchase 
of the DVD 1 00, even if it is attempted to falsify the pre- 
determined data in the predetermined zone e.g., the 
control zone, the falsified data cannot be normally read 
out since the falsified data is not in synchronization with 
the emboss pit and is significantly influenced by the em- 
boss pit (refer to FIG. 5 and FIG. 7). 
[0100] As described above, according to the present 
embodiments, the emboss pit is formed (buried) so that 
the important data recorded in the control data zone 
cannot be illegally changed i.e., the important data re- 
corded in this zone can be normally read out but the il- 
legal rewriting or falsifying operation cannot be per- 
formed in this zone 

[0101] In the above described embodiments, the 
length of the data pattern i.e., the length of the record 
mark and/or the record space where the emboss pit is 
formed is not limited to 8T. Also, the length of the em- 
boss pit is not limited to 4T. For example, it is possible 
to form the emboss pit having the length of 2T along the 
record track with respect to the record mark and/or the 
record space each having the length of 4T along the 
record track In any event, the length of the emboss pit 
along the record track is shorter than that of the data 
pattern while the emboss pit is correlated with the data 
pattern. 

[0102] Further, it is also possible that the length of the 
emboss pit along the record track (e.g., 1T to 12T) may 
be changed depending upon the length of the record 
mark and/or the record space along the record track (e. 



g., 3T to 14T). By this, since the edge margin between 
the emboss pit and the data pattern can be made con- 
stant for ail the emboss pits, it is possible to perform the 
even more reliable data protection. 
s [0103] Furthermore, although such a case has been 
explained that the present invention is applied to the 
DVD-RW, it is also possible to apply the present inven- 
tion to the DVD-R or the like, on which the data can be 
written only once. 

10 

Claims 

1. A recordable optical disc (100) comprising: a disc 
15 substrate (110); and a record track (1 02) formed on 

said disc substrate spirally or coaxialiy around a 
center of said disc substrate, characterized in that 
said recordable optical disc further comprises an 
emboss pit formed in a predetermined zone on said 
20 disc substrate in correlation with predetermined da- 
ta, which is recorded on said record track in the pre- 
determined zone. 

2. A recordable optical disc (100) according to Claim 
25 -\ t characterized in that said emboss pit is formed 

such that said emboss pit does not exist at a bound- 
ary between a record mark and a record space of 
the predetermined data. 

30 3. a recordable optical disc (1 00) according to Claim 
1 or 2, characterized in that said emboss pit is 
formed at a position where a length of a record mark 
of the predetermined data along the record track 
(102) is equal to or longer than a predetermined 

35 length. 

4. A recordable optical disc (100) according to Claim 
3, characterized in that a length of said emboss pit 
is constant regardless of the length of the record 

40 mark. 

5. A recordable optical disc (100) according to Claim 
3, characterized in that a length of said emboss pit 
is variable depending upon the length of the record 

45 mark. 

6. A recordable optical disc (1 00) according to any one 
of Claims 1 to 5, characterized in that said emboss 
pit is formed at a position where a length of a record 

50 space of the predetermined data along the record 
track (1 02) is equal to or longer than a predeter- 
mined length. 

7. A recordable optical disc (100) according to Claim 
55 6, characterized in that a length of said emboss pit 

is constant regardless of the length of the record 
space. 
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8. A recordable optical disc (100) according to Claim 
6, characterized in that a length of said emboss pit 
is variable depending upon the length of the record 
space. 

9. A recordable optical disc (1 00) according to any one 
of Claims 1 to 8, characterized in that a plurality of 
emboss pits each having a structure same as the 
emboss pit are formed in the predetermined zone. 

10. A recordable optical disc (100) according to Claim 

9, characterized in that a first emboss pit of the em- 
boss pits is formed at a position where a length of 
a record mark of the predetermined data along the 
record track (102) is equal to or longer than a pre- 
determined length and a second emboss pit of the 
emboss pits is formed at a position where a length 
of a record space of the predetermined data along 
the record track is equal to or longer than the pre- 
determined length 

11. A recordable optical disc (100) according to Claim 

1 0, characterized in that a length of said first em- 
boss pit along the record track (1 02) is variable de- 
pending upon the length of the record mark and a 
length of said second emboss pit along the record 
track is variable depending upon the length of the 
record space. 

12. A recordable optical disc (100) according to Claim 
9, characterized in that a length of each of the em- 
boss pits along the record track (102) is constant. 

13. A recordable optical disc (100) according to any one 
of Claims 1 to 12, characterized in that the prede- 
termined zone is in a control data zone , and the pre- 
determined data is control data to control a record- 
ing and/or reproducing operation of data recorded 
on said record track (102) in a data record zone, 
which is different from the predetermined zone and 
where said emboss pit is not formed. 

14. A recordable optical disc (100) according to Claim 
1 3, characterized in that said control data zone is 
within a lead in area. 

1 5. A recordable optical disc (1 00) according to any one 
of Claims 1 to 14, characterized in that data other 
than the predetermined data is recorded on said 
record track (102) in a data record zone, which is 
different from the predetermined zone and where 
said emboss pit is not formed. 

1 6. A recordable optical disc (1 00) according to any one 
of Claims 1 to 15, characterized in that said record- 
able optical disc further comprises a record layer 
(111), which is formed on said disc substrate (110) 
and by which data including the predetermined data 
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is recorded on said record track (102). 

17. A recordable optical disc (100) according to Claim 
16, characterized in that said record layer (111) 

5 comprises a material capable of a recording oper- 

ation of write many limes type. 

18. A recordable optical disc (100) according to Claim 
16, characterized in that said record layer (111) 

10 comprises a material capable of a recording oper- 
ation of write once type. 

19. A recordable optical disc (100) according to Claim 
16, characterized in that said record layer (111) 

is comprises a material capable of a recording oper- 
ation of write limited times type. 

20. A recordable optical disc (1 00) according to any one 
of Claims 1 to 19, characterized in that said record- 

20 able optical disc further comprises a reflective layer 
(1 1 2) formed on said disc substrate (110) for reflect- 
ing a light beam for a recording and/or reproducing 
operation of data recorded on the record track 
(102). 

25 

21 . A method of recording data on a recordable optical 
disc (100) comprising: a disc substrate (110); a 
record track (1 02) formed on said disc substrate spi- 
rally or coaxially around a center of said disc sub- 

30 strate; and an emboss pit formed in a predeter- 
mined zone on said disc substrate in correlation 
with predetermined data, which is recorded on said 
record track in the predetermined zone, character- 
ized In that 

35 said method comprises: 

a process of forming the emboss pit on the disc 
substrate; and 

a process of recording the predetermined data 
40 in the predetermined zone. 

22. A method according to Claim 21 , characterized in 
that said method further comprises a process of re- 
cording data other than the predetermined data in 
a data record zone, which is different from the pre- 
determined zone and where said emboss pit is not 
formed. 
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